Introduction
Psidium guajava Linn (guava) is a popular fruit crop in tropical countries. The extract of guava leaves has a long history of use for medicinal purposes to treat gastroenteritis, diarrhea, dysentery and a number of other conditions. 1 It has been reported that quercetin (3,3′,4′,5′7-pentahydroxyflavone), widely distributed mainly as glycosides in edible plants, is the active ingredient of guava leaves. 2 Quercetin possesses high antioxidant, anti-bacterial, anti-inflammatory and anti-tumor abilities. 3 Several methods have been developed for the determination of quercetin and its glycosides in plants. However, the sample preparation methods adopted prior to HPLC or other methods are generally time consuming. Microwave-assisted techniques have evolved into very attractive sample preparation methods in the last two decades. 4, 5 The general principle of microwave heating has been described elsewhere. 6 In brief, microwave-assisted techniques utilize the microwave heating effect that originates mainly from rotation of molecules with dipole moments and migration of ions, or in other words, originates from the ability of polar solvents to transform the absorbed electromagnetic energy into heat. Evidently, polar solvents of low molecular weight and high dielectric constant irradiated by microwaves increase their temperature very rapidly. In the case of solutions containing salts or strong acids and bases, the energy can also be dissipated through ionic conduction.
The purpose of this study was to develop two methods based on microwave-assisted extraction (MAE) and microwaveassisted acidic hydrolysis (MAAH) for the sample preparation of guava leaves prior to GC determinations of aglycone quercetin and total aglycone quercetin, respectively.
Experimental

Apparatus
The closed-vessel microwave system Model MARS-X was purchased from CEM Corp (Matthews, NC, USA). A maximum control pressure at 200 psi and a maximum control temperature at 200˚C can be attained. A HP 4890D GC (Hewlett-Packard, USA) equipped with a FID detector and an A.04.02 HP Chem. Station (Hewlett-Packard, USA) was used for quercetin analysis. A 30 m × 0.25 mm i.d. × 0.25 µm SE-54 fused-silica capillary column (Lanzhou Institute of Chemical Physics, CAS, China) was employed. The temperature of the injector and the FID detector were maintained at 280˚C and 300˚C, respectively. The column was programmed from 120˚C, held for 2 min, to 240˚C at 20˚C min -1 held for 2 min, to 300˚C at 5˚C min -1 , and held for 8 min. The column head pressure was at 26.5 p.s.i. Nitrogen was used as the carrier gas at a flow-rate of 2.9 mL min -1 , hydrogen at 33 mL min -1 , the air at 350 mL min -1 and the auxiliary gas at 30 mL min -1 , respectively.
Reagents and materials
Quercetin was purchased from Acros (Geel, Belglum); bis(trimethylsily)trifluoroacetamide (BSTFA) from Sigma (St. Louis, MO, USA); ethyl acetate and HCl (analytical reagent grade) from Guangzhou Chemical Reagents Co. The guava leaves were collected from Zhongshan University campus (Guangzhou, China). They were shade-dried and pulverized to various particle sizes for use.
MAE sample preparation procedure
Five hundred milligrams of the pulverized guava leave sample was accurately weighed into the vessel with PFA Teflon liners and an appropriate amount of selected solvent was added. The vessel was placed in the microwave system and was irradiated for a certain period of time at a microwave power of 300 W.
MAE extract clean up and silylation for GC determination
The cooled MAE solution was filtered, the filtrate, including the rinse solution, was then transferred into a separating funnel. The solution was extracted with ethyl acetate (EA). After the EA phase was dehydrated with anhydrous Na2SO4, it was then evaporated to dryness in a rotary evaporator at 40˚C in a water bath. The residue was dissolved in 3.0 mL EA. For silylation, 100 µL of the EA solution was evaporated to dryness under nitrogen gas and 30 µL of BSTFA was added to the residue. It was heated for 30 min at 70˚C. An aliquot of 1 µL of the silylated sample solution was injected onto the SE-54 column at splitless mode for GC-FID analysis.
MAAH sample preparation procedure
Five hundred milligrams of the pulverized sample was accurately weighed into the vessel and a certain amount of 1.2 mol L -1 HCl in 90% ethanol was added for acid hydrolysis. The vessel was placed in the microwave system and irradiated for a certain period of time at 300 W.
Hydrolyzed solution clean up and silylation for GC determination
The clean up procedure was the same as stated above, but the EA phase was washed with deionized water till neutral before dehydrating with anhydrous Na2SO4. After being evaporated to dryness, the residue was dissolved in 10 mL EA. For silylation, 50 µL of the EA solution was evaporated to dryness under nitrogen gas and 30 µL of BSTFA was added to the residue. The mixture was heated for 30 min at 70˚C. The GC procedure was the same as stated above.
Results and Discussion
Selection of solvent
The solubility of the target analytes in the solvent and the microwave absorbing properties of the solvent should be first considered in selecting an appropriate solvent for MAE. The microwave absorbing properties of a solvent are generally characterized by its dielectric constant ε′, the ability of a dielectric solvent to be polarized by an electric field; its dielectric loss ε″, the efficiency with which the absorbed energy is converted into heat, or characterized by its dissipation factor (tan δ = ε″/ε′), the ability of a solvent to convert electromagnetic energy into heat energy at a given frequency and temperature. Evidently, polar solvents of low molecular weight and high dielectric constant irradiated by microwaves increase their temperature very rapidly. Table 1 7 presents the physical and dielectric properties of some common solvents used in MAE. It is important to note also that the boiling points of the solvents in a closed, pressurized extraction vessel are much higher than those at atmospheric pressure. From Table 1 , we can see that methanol and ethanol meet the criteria of solvent for extracting quercetin from guava leaves. In this work, ethanol was selected since it is less harmful.
Effects of variables on the MAE process
Other than the solvent type, the solvent volume, microwave irradiation time, sample particle size and the temperature of the extraction system are also important variables to be optimized. An orthogonal design was used to examine the effects of variables on the quercetin yield. Experimental results show that the optimum MAE temperature, particle size, solvent volume and MAE time are 100˚C, 40 -60 mesh, 20 mL and 5 min, respectively for higher yield of quercetin. Comparing the R (extreme difference of the levels) values of the variables, one can see that the temperature has the strongest impact on quercetin yield. By further varying the temperature from 100˚C to 130˚C, the quercetin yield increased to 1.85 mg g -1 and remained stable after 120˚C. The reasons can be attributed to the fact that the combined effect of high temperature and pressure and rapid heating of the extraction solvent in a closedvessel system greatly improved the extraction efficiency by rendering the cell walls of guava leaves permeable and by increasing the solubility and the diffusion coefficients of the quercetin to be extracted.
Optimization of operating parameters for microwave-assisted acidic hydrolysis (MAAH) process
Since reference substances are not commercially available, it is difficult to determine individual quercetin glycosides in guava leaves. In this work, the MAAH was used to hydrolyze the glycosides to aglycone quercetin. With an orthogonal design, several variables, namely hydrolysis time and temperature, molarity of HCl and solvent type were optimized to obtain the highest yield of aglycone quercetin from glycosides in guava leaves. Experimental results show that the optimum MAAH temperature and time, HCl concentration, and solvent are 100˚C, 3 min, 1.2 mol L -1 HCl, and 90% ethanol, respectively. The total aglycone quercetin yield decreased with MAAH temperature higher than 100˚C. The time for MAAH is shorter than that for MAE by 2 min, this may be explained by the role of ionic conduction in the presence of a strong acid, HCl, that increased the heating rate under microwave radiation.
Calibration curve, reproducibility and detection limit
A series of quercetin standards after silylation were determined with GC according to the procedure outlined above. The correlation coefficient of the calibration curve is 0.9996 and the linear range is from 0.1 µg mL -1 to 300 µg mL -1 . The average aglycone quercetin yield in guava leaves obtained with MAE was 1.84 mg g -1 ; the reproducibility, expressed in RSD%, was 1.1%. The average total aglycone quercetin obtained after MAAH was 4.21 mg g -1 and the RSD was 1.5%. The detection limit was 0.04 µg mL -1 .
Comparison of microwave-assisted techniques with reflux heating
To evaluate the merits of the developed MAE and MAAH methods, the quercetin yields obtained were compared with those obtained by reflux heating. The results are presented in Table 2 . From Table 2 , it can be seen that MAE and MAAH gave the highest quercetin yield within minutes, whereas reflux heating took hours with even lower quercetin yield. We consider that the main reason for these diverse results is due to the fundamental difference between microwave heating and conventional heating. The rotation of molecules in an attempt to align themselves with an applied microwave field and the strong interaction of ions with the electrical field of microwaves produce specific effects: superheating, mass heating and fast heating which cannot be obtained by conventional heating.
Conclusion
MAE and MAAH were developed for the sample preparation of guava leaves prior to the GC determination of aglycone quercetin and its glycosides. Compared to reflux heating, the time, energy and solvents consumed are saved dramatically. Moreover, the yields of aglycone quercetin and total aglycone quercetin are higher. The reasons are attributed to the fundamental difference between the microwave heating and the reflux heating.
